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MEMORANDUM FOR: Leland C. Rouse, FCAF (2) PColton
~

Charles E. MacDonald, FCTC RECunningham, w/o encl.
Ralph G. Page, FCUF JBMartin, "

Robert J. Dube, SG (2) RFBurnett, "

Robert E. Browning, WM (2) PHLeech, "

WAMills, HEBR
TROM: Homer Lowenberg, Chief Engineer

Office of Nuclear Material Safety and Safeguards

SUBJECT: CRBR FUEL CYCLE ENVIRONMENTAL REVIEW -
ORIGEN2 OUTPUTS - REVISION 1 (4/15/82)

The enclosed materials were received from ORNL, and should update material
on ORIGEN2 transmitted 4/9/82 by CRBR-82-33 from this office. They are:

1. Revised table of contents
2. Revisions of tables 2, 3, 4, 5, 6.

Please destroy the previous versions of these items.
.e

The originals of volumes 2 and 3 were hand-delivered to Tom Clark, and
those of volumes 4 and 5 to Regis Boyle. Should information from these
volumes be necessary for your calculations please contact them.

A microfiche of the entire revised printout is also available in my office.

If there are any questions about this material, please contact either me
or Phil Colton.

Originel signed by

Homer Lowenberg, Chief Engineer
Office of Nuclear Material Safety

and Safeguards

Enclosures:
1. Revised table of contents
2. Revised CRBR fuel characteristics

tables 2, 3, 4, 5, 6
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Table 2. Details of QBR average irradiation characteristics

Fa rame t e r

sAve rage cha rge ra t e Average inventory Average power Average specific power Realdence time Ave rage discharge burnup
H terial type kg/ cycle kg heavy metal HW(t) HV(t)/HTIHH full power days Wd/KTIHH

Co re

Fuelb 2645.0 5290.0 748.9 141.6 550 77,880
ABC 2152.9 4305.8 17.1 3.97 550 2,184.

Fuel + Aa 4797.9 9595.8 766.0 79.83 550 43,907

Ixne r blanket
* Fuel *d 2240.8 4481.5 113.1 25.24 550 13.882
AB 1742.8 3485.6 13.3 3.82 550 2,101
" Fuel" + AB 3983.6 7967.1 126.4 15.87 550 8,729

Radlel blankets
Radial blanket I

* Fuel" 850.9 3403.6 46.6 13.7 1100 15,070
Aa 661.8 2647.3 5.1 1.93 1100 2,123
"ruel" + As 1512.7 6050.9 51.7 8.54 !!00 9,394 *

Radial blanket 2
" Fuel" 748.8 3744.0 27.7 7.40 1375 10.175
As 582.4 2912.0 3.1 1.06 1375 1,458
" Fuel" + An 1331.2 6656.0 30.8 4.63 1375 6,366

andlal blanket I+2

," Fuel" 1599.7 7147.6 74.3 10.4 1229 12,779,

AB 1244.2 5559.3 8.2 1.48 1229 1,819
" Fuel" + As 2843.9 12,706.9 82.5 6.49 1229 7.977

Tztal 11,625.4 30,269.8 975 32.21 23,063
|

' Averaged over cycles 5-10.
b36 in. (Fu,U)og region.

*r..posite of upper (14 in.) and lower (14 in.) U02 antal blankets.
.

36 in. U02 region at the esse antal elevation se the core fuel.

i
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Table 3. Details of the CRBt fuel cycle management for cycles 5-10

Fuel management schedule, kg heavy metal (fuel assemblies)

Core Ioner blanket Radial blanket i Radial blanket 2

Cycts8 Pa ra me t e r Fuelb Age Fuel + AB * Fuel-d AB " Fuel" + AB " Fuel" AB " Fuel" + AB " Fuel" AB " Fuel" + AB

E0C4 Invento ry 0 0 0 (0) 0 0 0 (0) 0 0 0 (0) * 3744.0 2912.0 6656.0 (66)

BOC5 + marge 5190.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 0 0 0 (0)
- Inventory 5190.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (32) 2403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66).

ROC 5 - Dischstge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 0 0 (0) 3744.0 2912.0 6656.0 (66)<

= Inventory S190.2 4224.6 9414.8 (156) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 0 0 0 (0)

50C6 + Oa rge 199.6 162.5 362.1 (6) 0 0 0 (0) 0 0 0 (0) 3744.0 2912.0 6656.0 (66)
= Inventory 5389.8 4387.1 9766.9 (162) e311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) . 3744.0 2912.0 6656.0 (66)

EOC6 - Discha rge 5389.8 4387.1 9766.9 (162) 4311.3 3353.3 7664.6 (76) 0 0 0 (0) 0 0 0 (0)
= Inventory 0 0 0 (0) 0 0 0 (0) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

BOC7 + marse 5190.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (82) 0 0 0 (0)
~

0 0 0 (0)- Invento ry 5190.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

EOC7 - Discharge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 . 0 0 (0) 0 0 0 (0)
= Invento ry 5190.2 4224.6 9414.8 (156) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

30C8 + Cha rge 199.6 162.5 362.1 (6) 0 0 0 (0) 0 0 0 (0) 0 0 0 (0)
- Inventory 5389.8 4387.1 9776.9 (162) 43I1.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

EOC8 - Discharge 5389.8 4387.1 9776.9 (162) 43tl.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 0 0 0 (0)
= Inventory 0 0 0 (0) 0 0 0 (0) 0 0 0 (0) 3744.0 2912.0 6656.0 (66)

*
30C9 + G arge 5190.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 0 0 0 (0)

= Inventory 51i3.2 4224.6 9414.8 (156) 4651.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
'

EOC9 - Discharge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 0 0 (0) 0 0 0 (0)
= Inventory 5190.2 4224.6 9414.8 (156) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

80C10 + Os tge 199.6 162.5 362.1 (6) 0 0 0 (0) 0 0 0 (0)
- Inventory $389.8 4387.1 9776.9 (162) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)

EOC10 - Discharge 5389.8 4387.1 9776.9 (162) 4311.3 3353.3 7664.6 (76) 0 0 0 (0) 3744.0 2912.0 6656.0 (66)
- Inventory 0 0 0 (0) 0 0 0 (0) 3403.6 2647.3 6050.9 (60) 0 0 0 (0) ,.

*EOCs = end of cycle zg BOCy = beginning of cycle y.
, ,

36 in. (Fu.U)02 region.

'Camposite of upper (14 in.) and lower (14 in.) 002 exial blankets.

36 In. 002 region at the esse asial elevation sa the core fuel.

.
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Table 4. Initial compositions of 1000 kg of CRBR heavy metal
,

Material type .

Nuclide Fuela Blankets ''
, ,

U-235, g 1,340 2,000

U-238, g 668,660 998,000

Total uranium, g 670,000 1,000,000

Pu-236, g 0.005,

Pu-238, g 198

Pu-239, g 283,932

Pu-240, g 38,610

Pu-241, g 6,600

Pu-242, g 660

Total plutonium, g 330,000

Total heavy metal, g 1,000,000 1,000,000

* Assumes no preirradiation decay.

.
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Table 5. Su;ama ry characteristics for the CRBR
'

-

Fuel region (s)a ,

Pa rame te r Fuel AB Fuel + AB IB RBb Fuel + AB + IB + RB

Electric powe r, HW(e) net

,The rmal powe r, HW(t) 749.0 17.1 766.1 126.4 82.5 975.0

Ave rage specific power,c 141.6 3.97 79.8 15.9 6.49 32.21
MW(t)/MTIHM

Ave rage fuel burnup, 77,880 2184 43,907 8729 7977 23,063
mwd /HTIHM

Irradiation duration, 550 550 550 550 1229'
full power days-

Refueling cycle length, 275 275 275 275 275 275
full power days

Average charge,
kg/ refueling cycled

235U 3.5 4.3 7.8 8.0 5.7 21.5
i Total uranium 1772.1 2152.9 3925.0 3983.6 2843.9 10,752 ;

; 'e 768.5 0 768.5 0 0 768.5Fissile plutonium

i Total plutonium 872.9 0 872.9 0 0 872.9
| Total (U + Pu) 2645.0 2152.9 4797.9 3983.6 2843.9 11,625

| Average discharge,
i kg/ refueling cycled

235U 2.5 3.6 6.1 5.6 4.0 15.7., ,_

| Tots 1 uranium 1682.0 2109.2 3791.2 3807.0 2726.9 10,325.

e 612.8 37.6 650.4 131.3 89.1 870.8j Fissile plutonium
| Total plutonium 750.1 38.7 788.8 138.3 94.9 1022.0
i Total (U + Pu) 2432.1 2147.9 4580.0 3945.3 2821.8 11,347
i
:

! " Fuel - 36 in. (Pu,U)O2 region, AB = UO2 axial blankets associated with fuel,
IB = entire inner blanket, RB = enti re radial blanket. *

b
j Weighted average of inner radial blanket (4 cycle residence) and outer radial

blanket (5 cycle residence) .
'

'

' C
Based on rated power level.

d '

Averaged over 4 cycles.
'

*239Pu + 241pn + 239Np.
,
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Table 6. Physical characteristics of CRBR fuel assemblies

Core and Inner and
axial blanket radial blankets

.-

Assembly component lengths, em .

Upper end hardware 30.4 29.2
Cas plenum 124.5 124.5
Upper axial blanket 35.6
Core or radial blanket 91.4 162.6
Lower axial blanket 35.6
Lower end hardware 109.2 109.2
Overall total 426.7 426.7
Fuel element total 290.6 290.6

Assembly shape hexagonal hexagonal
Assembly flats, em 11.62 11.62
Fuel element arrangement t riangular t riangular

Fuel elements per assembly 217 61
Fuel element OD, em 0.584 1.285

Fuel pellet OD, em
Co re 0.491
Axial blanket 0.483
Inner and radial blanket 1.194

Fuel pellet density,
% of theoretical

Co re 91.3
Axial blanket 96.0
Inner and radial blanket 95.6

Fuel element pitch, em 0.731 1.378.

Cladding thickness, em 0.038 0.038
Channel thickness, em 0.305 0.305
Channel height, em 314 314

Circumscribed volume / assembly, m3 0.0607 0.0607
'

Heavy metal / assembly, kg 60.35 100.85
bM02 assembly, kg 68.45 114.39

Stainless steel / assembly, kg 135.5 122.6
Assembly total weight, kg 204 237

* Based on data in ref. 10.

b(Pu,U)0 in the core and UO2 in the axial, inner,2
and radial blankets.

.
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